Objective. This work aimed to review main competency requirements from training models in countries with well-established specialties in clinical neuropsychology and to extract core competencies that likely will apply to clinical neuropsychologists regardless of regional and cultural context.
Introduction
The growth of clinical neuropsychology over the last few decades has been remarkable. This development has occurred along with an increased awareness of the cognitive and behavioral consequences of major health conditions that affect the brain. The benchmark study of the European Brain Council suggested that disorders of the brain are the largest contributor to Europe's total morbidity burden, accounting for 35% of all disease burden (Olesen & Leonardi, 2003) . The economic costs of brain disorders are correspondingly large (including cost of treatment and lost productivity of patients and caregivers), estimated to be twice the cost of cancer (Andin-Sobocki et al., 2005) and constituting 24% of the total direct healthcare expenditure in Europe in 2010 (Gustavsson, Svensson, Jacobi, et al. 2011 , Olesen, Gustavsson, Svensson et al. 2012 . Globally, neurological disorders reviewed by WHO contribute to 10.9%, 6.7%, 8.7% and 4.5% of the total burden of disease in high, upper middle, lower middle and low income countries, respectively, in 2005; by 2030 these figures are estimated to increase by 12% globally (World Health Organization, 2006) Although the prevalence and the consequences of major brain disorders are fairly similar throughout the world (Prince et al. 2013 , Marini et al. 2011 , Roozenbeek et al. 2013 , WHO 2006 , the development of clinical neuropsychology has mainly taken place in higher income regions with developed health care systems and higher life expectancies, like Europe, Australia, and North America. This is reflected both by the growth of clinical neuropsychology relative to the other clinical psychological disciplines and by the number of scientific publications that come from these areas of the world. One example of this is that the Society of Clinical Neuropsychology (Division of Clinical Neuropsychology) now is the largest of 55 divisions of the American Psychological Association (http://www.apa.org/about/division/officers/services/profiles.aspx). Additionally, over the last 5 years board certification in clinical neuropsychology in North America has grown faster than any of the other 13 specialties under the umbrella of the American Board of Professional Psychology, including general clinical psychology. As Europe, Australia and North America only represent a minority of the world's population, the global impact of services provided by clinical neuropsychology is still limited, with most of the world having no access to such services. Most countries in other regions do not currently provide systematic training in clinical neuropsychology.
The training models in clinical neuropsychology in those countries that do provide such services share important features. However, there are also substantial differences with regard to content and duration (see the special issue of The Clinical Neuropsychologist, October 2016, Grote, 2016) . In the US a doctoral degree is required with specialization in clinical psychology, which is usually (but not always) coupled with specialization in clinical neuropsychology including a year of a clinical internship. Although not required, two years of postdoctoral experience is relatively common and is required for board certification in clinical neuropsychology in North America under the auspices of the American Board of Professional Psychology (https://www.abpp.org/, Grote, Butts, & Bodin, 2016) . This requirement is consistent with the Houston Conference guidelines (Hannay et al. 1998) , which serve as the education and training guidelines for the specialty of neuropsychology in the US. More recently, a taxonomy document intended to clarify the language used to describe training experiences across different levels of training in clinical neuropsychology in the U.S. has been published (Sperling et al., 2017) . In the UK, training in clinical psychology precedes training in clinical neuropsychology, with clinical psychology training being completed at doctoral level, followed by specialist training courses and supervised practice in clinical neuropsychology. Clinical neuropsychology training in Australia may be undertaken in parallel with that in clinical psychology at masters or doctoral levels, with clinical experience both during and after the degree. In the Nordic countries and many other European countries the training is inspired by international medical models of specialization. In these countries, the training consists of three main elements: (1) basic university education in general psychology including clinical psychology (Master's degree or equivalent, 5-6 years), (2) supervised neuropsychological work in specialist health care for 4-5 years (covering the major neurological and psychiatric conditions), and (3) comprehensive courses in clinical neuropsychology during work in specialist health care (Hessen, Hokkanen et al. 2017 ). Despite differences, the major models of training produce specialists with similar function and responsibility in the health care system of their respective countries.
The difference among the models stems from dissimilar educational traditions, different ways of organizing and financing health care and the fact that psychologists have different roles and responsibilities in health care around the world. In some countries, psychologists have a subordinate and primarily advisory role with regard to diagnosis and treatment planning, while psychologists in other countries have a fully independent role with regard to diagnosis and treatment of patients (Hessen, Hokkanen et al. 2017) .
Currently, there is an ongoing international debate about training models in clinical neuropsychology (Grote, 2016) , and several published papers describe the specific features of training in a variety of countries. Detailed comparison of training models is useful for mutual inspiration and development (Grote & Novitski, 2016) . However, to aim for one global gold standard training model in clinical neuropsychology may not be realistic, as the differences between countries usually are rooted in national laws and regulations, as well as long-held regional traditions. Additionally, social and economic factors differ considerably throughout the world and clearly influence the possibilities for training and specialization.
In our view, an approach that focuses on the relevant core competencies for an entry-level clinical neuropsychologist has a greater potential for agreement and for greater impact on clinical practice and training. Despite variability of diseases as well as social and financial contingencies among countries, the clinical challenges of the neuropsychologist are generally similar, and require a set of core competencies regardless of whether the clinician works in Argentina, Australia, India or South Africa (Grote & Novitski, 2016) . While most countries have begun with training guidelines, it is now becoming more acceptable to delineate core competencies for entry-level professional practice in clinical neuropsychology. More recently, core competencies for professional practice have been specified in the United States in medicine (Williams et al., 2010) and in psychology. For example, the Health Service Psychology Collaborative (2013) published such standards. The Houston Conference Guidelines (Hannay et al., 1998) have been the basis for defining clinical neuropsychology training guidelines in the United States for almost 20 years, but greater specificity is needed in terms of competencies for professional practice in clinical neuropsychology. In response to this need, core competencies for entry-level clinical neuropsychologists have been delineated (Rey-Casserly, Roper, & Bauer, 2012) and modified, and approved by a group of neuropsychology organizations in the U.S. (Clinical Neuropsychology Synarchy; CNS). These core competencies were submitted at the end of 2016 in partial support of the continued recognition of clinical neuropsychology as a specialty to the American Psychological Association. (Council of Specialties, 2012, https://docs.wixstatic.com/ugd/12cc9c_14c7e4ba69a2447e9b125a2d279346c8.pdf).
Worldwide development of clinical neuropsychology presupposes the exchange of clinicians across countries and regions. Today, this is problematic even between countries within Europe, not only due to language differences, but also because differences in competency and role in health care may disqualify clinical neuropsychologists from working as a clinician in other countries. A similar situation also applies to other nations and regions. Thus, at present clinical neuropsychologists primarily exchange ideas and experiences with national colleagues, unlike their scientific colleagues who largely profit from worldwide exchange. If clinical training of neuropsychologists were based on international agreement of core competencies, this might facilitate the exchange of clinicians across countries and thus further the development of clinical neuropsychology worldwide.
The aim of this paper is therefore to review the main competency requirements from training models in countries where clinical neuropsychology has become an established specialty within health care, and extract fundamental core competencies that most probably will apply to clinical neuropsychologists regardless of regional and cultural context.
A future aim might be to reach a consensus across nations and regions of the world about core competencies, defining the fundamental features of a clinical neuropsychologist, who is able to provide independent diagnosis and treatment for disorders and diseases characterized by neuropsychological symptoms. The potential for such a consensus about competencies, not training models, is to serve as a guideline both for existing training programs and for development of future programs. Our hope is that a consensus might constitute an authoritative framework and help in development of clinical neuropsychology in those parts of the world where the majority of the world-population live, and where training programs currently do not exist.
The underlying assumption and hypothesis of the present paper is that despite their differences in organization and educational model, well-established training models across the world provide similar core competencies.
Methods
We conducted a qualitative review of standards for post-masters training in clinical neuropsychology from countries in Europe, North America, and Australia. Information on the training was gathered from literature (Grote, 2016) , from presentations at two international conferences in 2015 (Federation of the European Societies of Neuropsychology in Tampere, Finland and International Neuropsychological Society in Denver, USA) and from the description of the training models as described, in a variety of languages, by national psychological or neuropsychological associations (Council of Specialties, 2012, https://docs.wixstatic.com/ugd/12cc9c_14c7e4ba69a2447e9b125a2d279346c8.pdf, Hannay et al., 1998 , Hokkanen 2015 , Hokkanen et al. 2016 , Morris 2015 , Wright and Fisher 2012 , British Psychological Society 2017a , 2017b , Ponsford 2016 , Hessen et al. 2017 Guariglia, University of Rome (personal communication)). Table 1 shows the countries selected for the present study. In all these countries, the supervised specialist education of 4 to 6 years follows the completion of undergraduate level studies, so the total length of education exceeds 10 years in most cases. All countries require practical training/internships. The university degree required for practicing psychology/neuropsychology varies from a doctoral degree in US and UK, to Master's (or equivalent) in psychology elsewhere in Europe and Australia. However, even in countries where the doctoral degree is not included in the specialty education or required for practicing, many students complete it during or after specialist education. Canada has well developed standards for education and practice in clinical neuropsychology, similar to the US, but was not specifically included in this analysis (Janzen & Guger, 2016) .
As a framework for comparison, we have used the most recent entry-level clinical neuropsychology core competencies in the US that have recently been approved and modified by the CNS and submitted to APA in partial support for reapproval of the specialty (https://docs.wixstatic.com/ugd/12cc9c_14c7e4ba69a2447e9b125a2d279346c8.pdf). This approach is based upon the assumption that despite differences in organization and educational model, well-established training across the world would provide similar core competencies. This framework delineates foundational and functional competencies. Foundational competencies include knowledge-based elements that are necessary across all of the neuropsychologist's functional domains. They include knowledge of scientific information and methods; individual and cultural diversity; ethical, legal standards, and policy; professionalism; reflective practice (including self-assessment); relationships; and interdisciplinary systems (See Table 1 ). In contrast, functional competencies are knowledge based or skill based. The elements of functional competencies describe particular aspects of practice, such as assessment, intervention, and consultation (See Table 2 ). Additional competencies involve research, teaching and supervision, management-administration, and advocacy within neuropsychology (See Table 3 ).
A particular competency was marked as included within the training for each country if it was mentioned in the competency guidelines or other reviewed documents of the countries. Competencies accumulate on all levels of education and training, and no distinction was drawn in the analysis between those acquired during the undergraduate or graduate/postgraduate level, or those acquired through theoretical coursework or during practical training periods, such as internship or postdoctoral fellowship.
Results
Tables 1, 2, and 3 list the foundational and functional core competencies. Neuropsychologists fulfill these criteria through formal coursework, supervised clinical training (ideally in a formal program), and informal training, e.g., neurology rounds, brain dissection. The specialist education in different countries and even within one country clearly differs in the depth of focus on each core competency, and estimation of hours spent on learning each competency was not possible.
Foundational competencies (Table 1 ) are very similar across the different countries. These skills begin accumulating at the undergraduate level and gain more depth during the specialization. Minor differences can be found; for examples, individual and cultural diversity is less emphasized in Finland compared to the other countries. In addition, all the countries are committed to evidence-based practice but some variation exists in how much emphasis is put into decision-making strategies in differential diagnosis, or the application of outcome research as a guide for assessment and intervention. Differences can also be seen for teaching regarding the application of information technology (IT) in evaluation of best evidence.
Of the functional competencies (Table 2 and 3), assessment is covered very similarly in all included countries. Small variation exists in the amount of focus on the fields of neurochemistry, neuropsychopharmacology, and neuroendocrinology and also on the amount of emphasis on addressing issues related to specific populations both within and across countries. Neuroradiological techniques are covered in all the countries, as are neurological and psychiatric disorders. Within the intervention domain, both the knowledge base and the application are with a few exceptions covered similarly. Missing in all the countries is a review of activities for promoting cognitive health, and the interventions provided by other professionals are not equally covered across countries. Within competencies related to consultation, the countries differ. The application and basic skills are covered, but the knowledge base remains limited in several of the countries.
Competencies related to scientific research/evaluation are mentioned by all the countries. The depth and breadth varies, however. Most, but not all, of the US and some of the Australian models involve comprehensive research training, leading to a research doctoral degree. The UK also requires a Doctorate in Clinical Psychology, which includes research training and a substantial empirical research study, although the majority of the time is spent in supervised clinical practice and broader clinical education. In Italy and the Netherlands, the research requirement includes both empirical research and a review of literature but completing the training does not lead to a doctoral degree. The training in Finland and Norway includes one manuscript, either empirical or a review, but training in research methodology is more aimed at enhancing critical reading skills than conducting original research. Competencies related to management/administration and advocacy are also covered very differently in the different national models.
Discussion
Despite differences in training models, the different countries reviewed were found to share similar core competencies considered necessary for a specialty in clinical neuropsychology. Fundamental competencies, common to all fields of psychology (e.g., professionalism, ethical awareness, relationships and interdisciplinary systems), scientific knowledge and methods of clinical and cognitive neurosciences, brain-behavioral relationship, functional neuroanatomy, and related clinical disciplines is covered across all countries examined. Within the functional competencies, the theoretical knowledge base and applied skills of assessment, communication of findings and intervention were at the core of training in all the countries.
The review of the selected models suggests at least seven core competencies necessary for specialization in clinical neuropsychology (Table 4 ). The traditional tasks of the clinical neuropsychologist are to detect cognitive, behavioral and emotional correlates of brain function for a variety of diagnostic purposes (Lezak, Howieson, Bigler, & Tranel, 2012) . The first five core competencies relate closely to these tasks. They involve, (1) In-depth knowledge of general psychology including clinical psychology, based on a master's degree in psychology or equivalent, including development of normal and abnormal behavior and cognition throughout the lifespan. This is a fundamental competency for the clinical neuropsychologist when evaluating normality or abnormality in behavior and cognitive function.
(2) Expert knowledge about clinically relevant brain-behavior relationships and functional neuroanatomy. Detailed knowledge about the relation between brain pathology and behavioral manifestations in a range of trauma-related, developmental disorders and neurological diseases is probably the most important and defining competency of a clinical neuropsychologist. While both clinical psychologists and clinical neuropsychologists can assess normal and abnormal behavior without relation to brain function, the key feature of the clinical neuropsychologist is to make inferences between behavior and brain function. This aspect of training is critical in order for the clinical neuropsychologist to relate medical and psychiatric history and symptoms to the neuropsychological test results. (3) Comprehensive knowledge about and skills in related clinical disciplines such as, clinical psychology, psychiatry, neurology, speech pathology and occupational therapy. It is recognized that the extent to which advanced clinical psychology competencies are considered to be required for practice in clinical neuropsychology varies around the world. As noted earlier, in some countries (e.g. UK) it is a requirement that clinical neuropsychologists are qualified clinical psychologists (or educational psychologists in the case of pediatric clinical neuropsychologists), but this is not the case in all countries. (4) In-depth knowledge about and skills in neuropsychological assessment. The key instrument for the clinical neuropsychologist is the neuropsychological examination. Thus, expert knowledge about the use and appropriateness of different test batteries, inventories and other methods for different patient populations and understanding of their psychometric properties is a core component of the clinical neuropsychologist's toolbox. (5) In a world with increasing migration and multicultural populations, competencies in the area of diversity and culture are critical for general psychology training as well as specialization in clinical psychology and neuropsychology. The knowledge base in cross cultural psychology and neuropsychology is complex and often uncertain, but knowledge about this and appreciation of its complexity is vital for clinical neuropsychologists and should be considered one of the core competencies.
The last two competencies relate to communication and intervention: (6) Targeted and adapted communication of neuropsychological findings and test results to diverse audiences, including patients, families, collaborating health professionals and insurance companies, is incorporated in all the reviewed models, and may be considered to be the sixth core competency. Apart from performing the neuropsychological assessment according to state of the art, the communication of neuropsychological conclusions to those involved, is the neuropsychologists main tool for influence, and thus a vital core competency. (7) The seventh competency, knowledge about and skills in psychological and neuropsychological intervention, including treatment and rehabilitation, extends beyond the traditional diagnostic role of the clinical neuropsychologist. As the field has developed into a clinical specialty with its own knowledge base, particularly regarding brain-behavior relationships in neurological, developmental and psychiatric conditions, a natural consequence has been to develop interventions and treatments for the impairments and disabilities that are detected through neuropsychological assessments. A recent survey conducted for the European Federation of Psychological Associations (Symposium presented at the European Congress of Neuropsychology, Maastricht 2017) showed that among European neuropsychologists thirtysix percent of the neuropsychologists conduct a similar amount of treatment and rehabilitation as assessment work, while sixty-four percent primarily do assessment and diagnostic work. This clearly suggests that the seventh suggested core competency, knowledge about and skills in psychological and neuropsychological intervention, is a valid and important competency.
In conclusion, our goal here was to review the essential or core competency requirements for the clinical neuropsychologist in different parts of the world based upon well-established guidelines for neuropsychology practice. We did not intend to review specific training programs in clinical neuropsychology. The rationale for this was that all the reviewed models have undergone years of development in accordance with requirements of national health care systems in different parts of the world. Although not without weaknesses, they have proven themselves successful in the sense that they have become established specialties among the other medical and psychological specialties that constitute the panorama of health care fields. Despite differences, the common core competency requirements across different regions of the world suggest generalizability of these competencies. Of note, all the guidelines were approved by the respective national licensing agencies or by the national psychological associations at approximately the same time, between 1980 and 2000, suggesting an independent but parallel development in a variety of countries spanning large parts of the world. For instance, the Norwegian Psychological Association approved the specialty guidelines in clinical neuropsychology in Norway in 1987, and board certification in clinical neuropsychology began in 1981 in the US with approval of the first specialty guidelines in clinical neuropsychology by the American Psychological Association in 1996.
All the models included stem from well-developed industrial countries, representing a minority of the world population. The resources involved in the training of any of the described specialties are extensive. An important question is whether they are too extensive to be realistic for the developing part of the world with less financial and educational resources, than what is available in the industrialized countries. If training is expensive for the country's economy, fewer experts can be trained. Currently the number of neuropsychologists, expressed as the ratio of neuropsychologists to the national population, ranges from 1 per 26,666,666 (in India) to 1 per 19,231 (in Finland) in the 14 countries reviewed by Grote & Novitski (2016) . In more than half of those countries the ratio was better than 1/100,000 (1 per 40,885 for Australia and 1 per 80,250 for the US). If the density of well-trained neuropsychologists is lower, more emphasis must be placed on efficient and well targeted consultation strategies. However, if the training requirements are perceived as too resource demanding for the developing world, it may create governmental pressure to offer only the minimum competencies that can be obtained with a shorter and less expensive training. This may jeopardize the level of the expertise of even the few that are trained.
An applicable comparison is the established medical specialties. In general, the requirements for obtaining a medical specialty are extensive and quite similar throughout the world, regardless of the social and financial situation of the country. This is rational, as the key challenges do not vary with geography. Rather, similar knowledge of medical diseases and their treatments is mandatory anywhere. An obvious consequence is that the availability of medical services to the population vary greatly among countries, due to differences in economic level (WHO: World health statistics 2016). Clinical neuropsychology will likely face a similar situation with the emergence of the specialty and development of the specialty in less industrialized countries. As with the medical specialties, the acquisition of a specialty requires many years of training and any short-cut training to accommodate the situation in countries with fewer resources will violate the necessary competency conditions, and not produce sufficiently competent clinical neuropsychologists.
One difference in the competencies that exists between the described models is the level of scientific education required for obtaining a specialty in clinical neuropsychology. In the US, the condition for obtaining a specialty in clinical neuropsychology is either to have a research doctoral degree (Doctor of Philosophy, PhD) or a more clinical doctoral degree (Doctor of Psychology, Psy.D). In most European countries clinical doctoral degrees are not offered as an alternative to research doctorates. In the UK, the process involves a Bachelor's level education in psychology (3-4 years), then a Doctorate in Clinical Psychology (3 years) that combines clinical practice, education, and research. Once qualified in clinical psychology further specialist education and supervised clinical practice over two years leads to registration on a Specialist Register of Clinical Neuropsychologists. In the rest of Europe and Australia, a doctoral degree is not a requirement for a specialty in clinical neuropsychology, although some programs in Australia include a research doctoral degree. In these countries, the training model is more similar to the medical training model, primarily consisting of three elements: Basic university education in psychology (5-6 years), followed by supervised neuropsychological practice in specialist health care for 2-5 years (covering the major neurological and psychiatric conditions), along with comprehensive courses in clinical neuropsychology. In total, candidates spend a minimum of seven to eleven years in different psychology and neuropsychology education and training before they obtain their specialty and are allowed to work independently within neuropsychology. Similar to the medical specialties, this kind of model produces high quality specialists, able to take responsibility in diagnostics, treatment and rehabilitation. A relevant question is if a clinical specialty without a research doctoral degree is sufficient, or if it is second rate to models requiring a research doctoral degree as part of the clinical training. A research doctoral degree does imply a higher scientific qualification than a master's degree, and the ability to critically review and understand the scientific literature and conduct research to underpin evidence-based practice. Thus conducting research for a doctoral degree certainly has relevance for acquisition of clinical skills but cannot be regarded as a prerequisite. However, an alternative view comes from the US's scientist-practitioner model that research training is critical or, at minimum, enhances the quality of clinical practice (Baker, Benjamin, Ludy, 2000) . The most common model across the world is that extensive supervised clinical experience over years as well as core academic didactic courses are the core conditions for obtaining true specialty competency. Therefore, a requirement of adding several years for producing original scientific research for a doctoral degree, is not regarded as necessary for obtaining a specialty in clinical neuropsychology except for most programs in the US and some in Australia. A research doctoral degree or equivalent is not regarded as necessary for specialist training in the medical fields in any of the countries in question. The same logic also applies to clinical neuropsychology. Thus, while including research training is ideal, the guidelines across the majority of countries included in this review support the conclusion that extended research experience at PhD-level should not be considered to be among the seven core competencies required for a clinical neuropsychologist.
The guidelines differed also in their emphasis on consultation as a separate domain of expertise, and the additional domains of management/administration and advocacy. Consultation and communication with e.g. educational personnel, social service agencies, nursing homes, rehabilitation staff, industry, legal systems, and public policy makers is common in many work settings. The applied skills are often learned in practice but relevant literature and appropriate and contextually sensitive methods of consultation are not always included in training. Within management/administration, many neuropsychologists might benefit from knowledge of administrative structures of different practice settings (independent practice, academic health centers, group practice, forensic, military, education, research, etc.), and specific administrative and business strategies needed to address prevalent assessment and consultation issues (e.g., referral patterns, coding, billing, documentation). Within advocacy, knowledge of the regulatory and policy initiatives that can affect provision of neuropsychology services and access to care might be useful in educating public policy makers regarding the importance and impact of neuropsychological science and practice. Nonetheless, we are not including formal academic training in this area as a core competency for clinical neuropsychology.
The field is evolving and so will the understanding of which core competencies are considered necessary for obtaining specialty competency in clinical neuropsychology. The present seven core competencies considered necessary today will likely need revision in the future. Based on previous development there will be changes regarding assessment methods, treatment methods, employed technologies as well as roles and responsibilities in health care. In addition, increasing worldwide migration will necessitate better transcultural knowledge.
Thus, the concept of core competencies in clinical neuropsychology should not be static, but rather characterize a specialty field in constant development that need continuous update and redefinition. Activities for promoting cognitive health 
